The ammonium ion exchange behaviors on three natural zeolites (clinoptilolites) with different particle sizes were investigated for ammonium removal from wastewaters. In particular, the effects of reaction time, and ammonium concentration were examined in ammonium chloride solutions.
Introduction
Most global environmental problems are caused by human activities. The lake eutrophication phenomena by contaminants from municipal, agricultural, and industrial wastewaters are one of the pressing problems. The most common cation in the wastewaters affecting human and animal health is ammonium ion (NH4+ ion). Natural zeolites can be used as low cost materials for removal of NH4+ ions from wastewaters. In particular, clinoptilolite is the main natural zeolite minerals found in abundance in Japan, and has high cation exchange capacity (CEC) with remarkably high selectivity for NH4+ ions. Its ideal formula is (Ex) 8 
Results and Discussion
The SEM image of main minerals in the AKI sample was shown in Fig.1 . The morphology was micron-sized plate-like crystallite and corresponded with that of clinoptilolite.
The specific surface areas of the samples (AKI-1, AKI-2 and AKI-3) calculated by BET method were shown in Table 1 . The specific surface areas of all samples showed almost the same values (about 28 m2 g-1). These results mean that the specific surface areas have no direct effect on particle sizes of the AKI sample. These results agreed with ammonium ion exchange selectivity reported by Watanabe et al. [2, 3] The amounts of Si4+ ions in solution were increased with increasing the reaction time. In particular, the AKI-1 sample showed the highest Si4+ ions leaching amounts among the three samples. This result indicates that AKI-1 sample with small particle sizes is unstable as compared with other samples. But the maximum leaching amount of Si4+ ions in the AKI-1 sample was below 0.1 % of the original amount.
The relationships between the equilibrium concentration and the amount of ammonium ions exchanged on AKI samples with different particle sizes were shown in Fig.3 . The amounts of ammonium ion exchange on AKI samples showed almost same values in 10-4-10-2 M ammonium chloride solutions. This result indicates that the ammonium exchange capacities of clinoptilolites have no effect on particle sizes of the AKI sample.
These results will be useful as a basic research for the practical use of equipment for ammonium removal from wastewaters using natural zeolites (clinoptilolites).
